B e rn d W ra c k m e y e r* , H eid i E. M aisei, Jü rg e n S üß, W o lfg an g M ilius Laboratorium für Anorganische Chemie der Universität Bayreuth. D-95440 Bayreuth Z. Naturforsch. 51b, 1320-1324 (1996 received March 14, 1996 Tetra-l-alkynylsilanes, 1,1-Organoboration, Siloles, X-Ray Tetra-l-alkynylsilanes, Si(C sC R *)4 with R 1 = 'Bu (1) and SiMe3 (2) react with triethylborane, E t3B. by intermolecular 1,1-ethyloboration followed by intramolecular 1.1-vinyloboration. to give the substituted siloles 3 and 5 with two R 'C = C groups linked to silicon. The formation of 5 (R 1 = SiMe3) requires exactly one equivalent of E t3B, whereas 3 (R 1 = 'Bu) is formed after = 2 0 d in boiling toluene in the presence of a large excess of E t3B, and the remaining 'B u -C = C groups in 3 do not react with E t3B. The 1,1-organoboration of 2 using one equivalent of 9-ethyl-9-borabicyclo[3.3.1]nonane, Et-9-BBN, proceeds similar to the E t3B-reaction, to give mainly the silole derivative 6, in which the bicyclic ring system is enlarged by two carbon atoms. This product is the result of a kinetically controlled reaction. The single crystal X-ray analysis of 1 has been carried out (space group Pnm a; a = 990.0(2), b = 1668.0(3), c = 1479.0(3) pm), and its crystal structure is com pared with that of the corre sponding tin compound 1 (Sn).
Introduction
S im ilar to m a n y o th e r m etallo les, siloles possess a c o n s id e ra b le sy n th e tic p o te n tia l [1] , R ecently , we h av e sh o w n th a t 1 ,1 -o rg a n o b o ra tio n o f d i-l-a lk yn y l-d im e th y lsilan e s o p e n s a c o n v e n ie n t ro u te to si lole d e riv a tiv e s [ 2 -4 ] , A lth o u g h siloles o f th e ty p e A w ith alkynyl g ro u p s a tta c h e d to silicon a re su p p o se d to be in te rm e d ia te s o f th e re a c tio n b e tw e e n te tra -l-a lk y n y ls ila n e s an d trie th y lb o ra n e , E t3B, o n ly th e final p ro d u cts, l,l'-s p iro b is ilo le s B, w ere iso la te d [5] . T h e 1 ,1 -o rg a n o b o ra tio n o f th e c o rre sp o n d in g tin c o m p o u n d s l ( S n ) [6] an d 2 (S n ) [7] w ith E t 3B w as stu d ie d in d etail, an d m an y in te r m e d ia te s w ere d e te c te d , so m e o f w hich co u ld be iso la te d [6] , a n d th e final p ro d u c ts w ere id e n tified as th e l,l'-s p ir o b is ta n n o le s C [5 -7 ] .
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In this w o rk , w e re p o rt on th e L l-o rg a n o b o ratio n o f te tra k is[l-(3 ,3 -d im e th y l)b u ty n y l]sila n e 1 w ith E t 3B, a n d w e h av e r e p e a te d th e a n a lo g o u s
Reprint requests to Prof. Dr. B. Wrackmeyer. re a c tio n o f te tra k is[(trim e th y lsily l)e th y n y l]sila n e 2. T h e silan e 2 w as also u se d to stu d y its re a c tio n w ith 9 -eth y l-9 -b o rab icy clo [3 .3 .1 ]n o n an e, E t-9-B B N , since th e p ro d u c t d istrib u tio n , in case o f a su ccess ful 1 ,1 -o rg a n o b o ra tio n , co u ld re v e a l m e ch a n istic in fo rm a tio n . T h e silan es 1 a n d 2 m u st be re g a rd e d as ste rica lly h in d e re d 1 -alk y n y lsilan es a n d th e r e fore, th e re a c tio n m ay b e c o n tro lle d to p ro c e e d only to th e sta g e o f a silole. In th e case o f th e re a c tio n b e tw e e n 2 a n d E t 3B, tw o in te rm e d ia te s, o n e o f w h ich w as a silole o f ty p e A , w ere d e te c te d [5] , b u t n o a tte m p t w as m a d e to c o n tro l th e re a c tio n .
F u rth e rm o re , th e cry stal s tru c tu re o f 1 h as b e e n d e te rm in e d by X -ray analysis, a n d th e resu lts can no w b e c o m p a re d w ith r e p o r te d s tru c tu re s o f 2 [8] , l ( S n ) [9] , 2 ( G e ) [10] an d 2 (S n ) [9, 10] .
Results and Discussion

Syntheses
T h e te tra -l-a lk y n y ls ila n e s 1 a n d 2 w ere p r e p a re d a c c o rd in g to eq. (1). C o m p o u n d 1 w as re c ry sta lliz e d fro m p e n ta n e to give m a te ria l s u it ab le fo r X -ray analysis.
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T h e re a c tio n o f co m p o u n d 1 w ith E t3B p ro ce ed s e x tre m e ly slowly, ev en in boiling E t3B o r in b o il ing to lu e n e w ith a large excess o f E t3B p rese n t. A fte r five days, N M R sp e ctra in d ic ate th e p re s e n c e o f a « 1 : 1 m ix tu re consisting o f th e sta rtin g m a te ria l 1 a n d th e silole 3. T he re a c tio n b e tw e e n 2 an d E t-9 -B B N [eq. (3)] p ro c e e d s sim ilar to th a t o f E t3B. T his is th e first case th a t a 9 -alk y l-9 -B B N d e riv a tiv e has b e e n used fo r 1 ,1 -o rg a n o b o ra tio n re a c tio n s o f 1-alk y n y lsilan es, e x te n d in g co n sid e ra b ly th e sco p e o f this re a c tio n in th e a re a o f silanes. T h e m ain p ro d u c t fo rm e d in th e 1:1 re a c tio n b e tw e e n 2 an d E t-9 -B B N is th e silole 6, in w hich th e 9 -b o ra -b icy clo [3 .3 .1 ]n o n an e sy stem has b e e n e n la rg e d by tw o c a rb o n ato m s. T h e sa m e ty p e o f r e actio n w as o b se rv e d fo r 1 -alk y n y ltin co m p o u n d s [11, 12] , a n d it w as sh o w n th a t th e e n la rg e m e n t of th e bicyclic sy stem s is th e re su lt o f k in e tic c o n tro l [12] .
It h as b e e n r e p o r te d th a t 2 re a c ts w ith an excess o f E t 3B to give first a m ix tu re o f co m pounds, n a m e ly a sm all a m o u n t o f an alk e n e 4, the silole 5 a n d th e 1,1 '-sp iro b isilo le of type B ( R 1 = S iM e3) [5] w h ich is th e so le p ro d u c t a fte r p ro lo n g e d h eating. W e h av e n ow s tu d ie d th e 1:1 re a c tio n b etw e en 2 a n d E t3B. A fte r th re e days in to lu e n e at 110 °C, th e re a c tio n is c o m p le te w ith resp e ct to th e fo rm a tio n o f th e silole 5 as th e m ajo r p ro d u c t (> 9 5 % ). T he life tim e o f 4 in th e rea ctio n m ix tu re is relatively lo n g since its co n fig u ra tio n at th e C = C b o n d p r e v e n ts fu rth e r in tra m o le c u la r reactio n s. T he initial in te rm o le c u la r 1 ,1 -e th y lo b o ratio n lead in g to 4 is re v e rsib le [11] , an d once th e iso m e r o f 4 w ith ( M e 3S iC = C ) 3Si an d E t2B g ro u p s in c/s-positions a t th e C = C b o n d h as b ee n fo rm e d , it re a rra n g e s fast (u n d e r th e re a c tio n c o n d itio n s) an d irre v e rs ib le by in tra m o le c u la r 1,1-vinyloboration to th e si lole 5. T his e x p e rim e n t pro v es th a t th e in te rm o le c u la r 1 ,1 -e th y lo b o ra tio n o f 2 is fa ste r th a n th a t o f th e silole 5. It also show s th a t 2 is m uch m o re r e a c tiv e in 1 ,1 -o rg a n o b o ra tio n re a c tio n s th a n 1. T h e la tte r fin d in g is in line w ith th e fact th a t only th e c e n tra l S i -C = b o n d s in 1 can be a tta c k e d by E t3B, w h e re a s in 2 th e re is a choice o f reactiv e sites, n a m e ly th e c e n tra l S i -C = a n d th e m o re rea d ily accessib le te rm in a l S i -C = bonds. This also e x p la in s th a t th e re a c tio n b etw e en 2 an d an excess o f E t 3B d o e s n o t sto p at th e stag e o f th e silole 5.
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B o th 13C an d 2t)Si N M R sp e c tra in d ic ate th e p re se n c e o f a m in o r a m o u n t (< 1 0 % ) o f a n o th e r p ro d u c t w hich co u ld re su lt fro m tra n s fe r o f th e Beth y l g ro u p (as a re su lt o f th e rm o d y n a m ic c o n tro l) in c o m p e titio n w ith rin g e n la rg e m e n t. 29Si an d 13C N M R d a ta a re in ac co rd w ith th e stru c tu re 7. T he p re fe rre d fo rm a tio n o f 6 in d ic a te s th a t th e in te r m o le c u la r 1 ,1 -o rg a n o b o ra tio n p ro c e e d s initially u n d e r k in e tic c o n tro l, a n d th e p ro d u c t is tra p p e d since th e fo llow ing in tra m o le c u la r 1,1-vinylboratio n sh o u ld be r a th e r fast u n d e r th e re a c tio n co n d itio n s. 
NM R spectroscopic results
N M R d a ta ( 13C, 29Si) o f th e siloles 3, 5, 6, a n d 7 are given in T ab le I. T h e assig n m e n t o f th e ,3C N M R signals in th e o lefin ic re g io n is b ased o n th e ' / ( 29Si, 13C ) d a ta , on th e sim ila rity o f s u b stitu e n t effects as in sim ila r siloles [7, 13] re so n a n c e s a re n o t re so lv e d ) a n d to fo u r 13C ( C = ) reso n a n ce s. In 5, th is ro ta tio n a p p e a rs to b e less h in d e re d a n d th e re is o n ly o n e set each o f th e se signals w hich h o w ev er b e c o m e b ro a d at lo w er te m p e ra tu re . [l-(3,3-dimethyl) butynyl]-silane 1 E x p e rim e n ta l d a ta p e rtin e n t to th e X -ra y s tru c tu re an aly sis are listed in T able II [15] a n d th e m o le cu la r stru c tu re o f 1 is show n in Fig. 1 to g e th e r w ith se le c te d b o n d le n g th s an d angles. T h e cry stal stru c tu re s o f 1 an d l ( S n ) [9] w ere m e a s u re d a t th e sam e te m p e ra tu re an d tu rn o u t to be iso ty p ic; b o th cry stallize in th e sp ace g ro u p P n m a . T h e d im e n sions o f th e u n it cells ch an g e from 1 to 1 (S n ) in th e e x p e c te d w ay for b an d c (sm aller in 1 th a n in l( S n ) ) , b u t a = 990.02(5) pm is lo n g e r in 1 th a n in l ( S n ) w ith a = 987.7(1) pm . T he sam e tr e n d is e v i d e n t if o n e c o m p ares th e crystal s tru c tu re s o f 2 [8] an d 2 (S n ) [9, 10] [isotypic w ith 1 an d l ( S n ) ] . In all o f th e se co m p o u n d s, th e b o n d angles a t th e c e n tra l a to m d e v ia te fro m th e id eal te tra h e d ra l an g le in such a w ay th a t tw o an g les are la rg e r a n d tw o are sm aller. T his p ro p e rty is so m e w h at m o re p r o n o u n c e d fo r l ( S n ) a n d 2 (S n ). T h e la rg e r an g les a re fo u n d in th e d ire c tio n o f th e a-axis (see Fig. 2 ). It a p p e a rs th a t th e d isto rtio n fro m id e a l te tr a h e d ra l sy m m etry c o m p e n sa te s fo r so m e c h a n g e s in th e u n it cell d im e n sio n s cau sed by th e d iffe re n t ce n tra l ato m s silicon a n d tin. 
X-ray analysis o f tetrakis
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